Distribution, levels and phosphorylation of Raf-1 in Alzheimer's disease.
Extracellular signal-regulated kinase (ERK), a member of the mitogen-activated protein kinase pathway, has been increasingly implicated in the pathogenesis of Alzheimer's disease due to its critical role in brain function. While we previously demonstrated that ERK is activated in Alzheimer's disease, the upstream cascade leading to its activation had not been fully examined. In this study, we focused on Raf-1, one of the physiological activators of the ERK pathway. Raf-1 is activated by phosphorylation at Ser338 and Tyr340/341 and inhibited by phosphorylation at Ser259. Interestingly, phosphorylation at all three sites on Raf-1 was increased as evidenced by both immunocytochemistry and immunoblot analysis in Alzheimer's disease brains compared to age-matched controls. Both phospho-Raf-1 (Ser259) and phospho-Raf-1 (Ser338) were localized to intracytoplasmic granular structures, whereas phospho-Raf-1 (Tyr340/341) was localized to neurofibrillary tangles and granules in pyramidal neurons in Alzheimer's disease hippocampus. There is extensive overlap between phospho-Raf-1 (Ser338) and phospho-Mek1/2, the downstream effector of Raf-1, suggestive of a mechanistic link. Additionally, increased levels of Raf-1 are associated with Ras and MEK1 in Alzheimer's disease as evidenced by its coimmunoprecipitation with Ras and Mek1, respectively. Based on these findings, we speculate that Raf-1 is activated to effectively mediate Ras-dependent signals in Alzheimer's disease.